The mechanism of guanine specific photooxidation in the presence of berberine and palmatine: activation of photosensitized singlet oxygen generation through DNA-binding interaction.
The mechanism of DNA damage by photoexcited alkaloids, berberine and palmatine, was examined using 32P-labeled DNA fragments obtained from human genes. Berberine and palmatine easily bind to DNA, leading to the formation of strong fluorescent complexes. The binding constants of berberine and palmatine to DNA, estimated from an analysis of their fluorescence enhancements, indicate the formation of stable complexes. Photoexcited berberine and palmatine caused DNA cleavage, specifically at almost all guanine residues, under the aerobic condition after Escherichia coli formamidopyrimidine-DNA glycosylase or piperidine treatment, suggesting the formation of 8-oxo-7,8-dihydro-2'-deoxyguanosine (8-oxodGuo), an oxidized product of 2'-deoxyguanosine, and further oxidized products. The formation of 8-oxodGuo was confirmed by HPLC measurement. The quantum yield of 8-oxodGuo formation by berberine was almost the same as that induced by palmatine. Berberine and palmatine did not cause DNA photodamage under anaerobic conditions. Scavengers of singlet oxygen (1O2), such as sodium azide and methional, inhibited DNA damage. These findings suggest that photoexcited berberine and palmatine give rise to 8-oxodGuo through 1O2 generation. The photosensitized 1O2 generation from these alkaloids was examined using near-infrared luminescence measurements. Emission at ca. 1270 nm was observed during photoexcitation of the DNA-alkaloid complexes. This emission was quenched by sodium azide, a scavenger of 1O2. In the absence of DNA, berberine and palmatine could not show the emission. This spectroscopic study has shown that photoexcited alkaloids can generate 1O2 only when the DNA-alkaloid complexes are formed. In conclusion, berberine and palmatine easily bind to DNA and induce guanine specific photooxidation via 1O2 formation. The present study suggests that berberine and palmatine can act as functional photosensitizers enabling a switch in phototoxicity via 1O2 formation by the interaction with DNA.